ABSTRACT This experiment was conducted to investigate seedling emergence and early growth of Monochoria vaginalis and Scirpus juncoides in the controlled-environment chamber maintained at different temperatures. Non-linear regression analyses of observed data against effective accumulated temperature (EAT) with the Gompertz and logistic models showed that the Gompertz and logistic models worked well in describing seedling emergence and early growth of both weed species, respectively, regardless of temperature. EATs required for 50% of the maximum seedling emergence and the maximum leaf number of M. vaginalis were estimated to be 69.3 and 131℃, respectively, while those of S. juncoides were 94.8 and 137℃, respectively. Models developed in this study thus were used to predict seedling emergence and early growth under elevated temperature condition. If rotary tillage with water is made on 27 May under +3℃ elevated temperature condition, dates for 50% of the maximum seedling emergence and 4 leaf stage were predicted to be 1 June and 15 June for M. vaginalis and 3 June and 14 June for S. juncoides, respectively. As compared with current temperature, these dates are 1-2 days earlier for the seedling emergence and 3 days earlier for the early growth, suggesting that earlier application of herbicides is required for effective control of M. vaginalis and S. juncoides under elevated temperature condition in the future. 
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INTRODUCTION
Increasing temperature will affect not only crops but also weeds. Many studies have been conducted to investigate eco-physiological effects of elevated temperature and CO 2 on crops (e.g. Jones et al. 2003; Tubiello et al. 2002) but not many on weeds.
Although some studies dealt with weeds considering climate change (Moon et al. 2004; Kim et al. 2010) , more works are required as there are so many weeds threatening crop production.
Monochoria vaginalis is an annual paddy weed distributed in China, Japan and Korea and known to be the most dominant paddy weed in Korea (Park et al. 2002) . Although its competition effect on rice is not so high as compared with Echinochloa crus-galli (Moon 2010) , it is still regarded as much important as E. crus-galli, particularly due to its resistance to sulfonylurea (SU) herbicides in Korea and Japan. Since its first report on herbicide resistance in Korea (Kwon et al. 2000) , all the one-shot herbicides newly developed had to include herbicide which can control SU resistant M. vaginalis.
Scirpus juncoides is a perennial sedge weed because it can overwinter in southern Korea and Japan.
However, its main propagation is by seeds, so it can also be regarded as an annual weed. Like M.
vaginalis, some of its biotypes were also reported to be resistant to SU herbicide (Ma et al., 2002) .
Therefore, it still remains as one of troublesome weeds in Korea and Japan although it is not strong competitor as compared with other perennial sedge weed Eleocharis kuroguwai (Moon 2010) .
Leaf stage of target weed is one of the most important factors in weed management. If we could expect a specific leaf stage of the target weed, we can make a right decision for herbicide application in advance (Kim et al. 2010) . Seedling emergence and early growth is affected by various factors complicatedly, but air temperature is most important factor (e.g. Steinbauer and Grigsby 1957; Pyon et al. 1990 ). Many studies of improving relationship between leaf stage and effective accumulated temperature (EAT) were conducted for effective and reasonable expecting of leaf stage (e.g. Morita
2000). EATs for 2 leaf stage of E. crus-galli and
Aneilema keisak, the major annual paddy weeds in Korea was127-128℃ and 110-120℃, respectively (Moon et al. 2004) . Recently, EATs for seedling emergence and early growth of E. kuroguwai was also estimated by using the Gompertz model and observed field data (Kim et al. 2010) . If such models using EAT can be developed, they can be utilized to predict seedling emergence and early growth under various temperature scenarios, so that timing for weed control can be advised appropriately.
Therefore, this study was conducted to predict seedling emergence and early growth of M. vaginalis and S. juncoides using a mathematical model based on EAT in order to advice appropriate timing for M. vaginalis and S. juncoides control in Korea based on IPCC's A1B scenario.
MATERIALS AND METHODS

Data generation
This experiment was conducted in the controlled- 
Model development and prediction
The seedling emergence model describes mathematically the emergence pattern of seedlings, which is expressed as the time course of cumulative emergence. Although several models have been developed, the simplest and widely used model is Gompertz (1825) curve (e.g. Cussans et al. 1996; Kim et al. 2006) ,
where Y is the accumulated seedling emergence at days (T) after sowing. C is the maximum seedling emergence, B is the rate of increase of seedling emergence once it is initiated and M is a time lag to reach 50% of the maximum seedling emergence.
In this case, parameters will be affected by air temperature, particularly parameters M. Therefore, the later the planting date, the earlier the seedling will be as later planting will allow sown seeds to be exposed to higher temperature in a given period of time than earlier planting. However, if EAT is used instead of days after sowing as an independent variable, parameters may be no or less affected by planting date. Therefore eqn 1 can be rewritten by using EAT (t) as follows, where m e is a EAT required to reach 50% of the maximum seedling emergence.
The logistic model has also been widely used to describe many biological events including soil depth effects on seedling emergence , herbicide effects (Streibig 1980; Kim et al. 2002) and early growth of plants. 
where Y is the growth of plant in number of leaf, plant height or dry matter, t is the EAT after sowing, C is the maximum leaf number, B is the rate of increase of plant growth once it is initiated and m g is a time lag to reach 50% of the maximum leaf number.
Statistical analysis
Non-linear regression analysis was conducted to fit the Gompertz model to observed seedling emergence and the logistic model to observed leaf number. All the statistical analyses were conducted by using Genstat 5 release 4.1 (Genstat 5 Committee, 1997).
RESULTS AND DISCUSSION
Seedling emergence
Seedling emergences of both weed species were plotted against days after sowing, showing that the higher the air temperature, the earlier their seedling emergences are (Fig. 1) . When seedling emergence vaginalis and S. juncoides) were estimated to be 69.3 and 94.8℃, respectively (Table 1) . juncoides, respectively (Fig. 3) Our study confirmed that elevated temperature affected both seedling emergence and early growth of both weed species. However, when we make a decision for herbicide application timing, we need to consider herbicide activity as elevated temperature may also affect herbicide activity against these weed species. In general, herbicide activity improves with increasing temperature (e.g., Ichizen et al. 1996) although there are some exemptions (e.g., Lee et al. 2006) . As shown in Table 3 , herbicide application needs to made earlier under elevated temperature.
Number of leaf
However, further works must be conducted to investigate the effects of elevated temperature on herbicide activity against these weeds and rice grown elevated temperature prior to making a final decision when to apply herbicide.
In conclusion, our work clearly demonstrates that seedling emergence and early growth of both weed species were well described by the Gompertz model and the logistic model, respectively, by plotting them against EAT. The models developed will be utilized for predicting dates for seedling emergence and early growth under elevated temperature, which will help to make a decision for herbicide application timing. 
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